Background: First-line postoperative adjuvant chemotherapies with S-1 and capecitabine and oxaliplatin (XELOX) were first recommended for resectable gastric cancer patients in the 2010 and 2011 Chinese NCCN Clinical Practice Guidelines in Oncology: Gastric Cancer; however, their economic impact in China is unknown.
Introduction
Stomach cancer is the fourth most common malignancy in the world, and 46.9% (463,000 cases) of the cases occur in China. Approximately 352,000 people die from gastric cancer in China each year [1] . Adjuvant chemotherapy, which is a standard component of treatment after surgery, can improve overall survival (OS) and progression-free survival (PFS) for resectable gastric cancer patients [2, 3] . A strategy that includes S-1, new adjuvant chemotherapy after gastrectomy with extended (D2) lymph-node dissection, was recommended in the 2010 Chinese NCCN Clinical Practice Guidelines in Oncology: Gastric Cancer [4] . The capecitabine and oxaliplatin (XELOX) regimen was added in the 2011 guidelines [5] .
S-1 (TS-1, Taiho Pharmaceutical) is an oral anticancer treatment that combines tegafur (a prodrug that is metabolised to fluorouracil, largely by P-450 enzymes in the liver), gimeracil (an inhibitor that prevents the degradation of fluorouracil) and oteracil (an inhibitor that prevents the phosphorylation of fluorouracil in the gastrointestinal tract). S-1 is an active anticancer agent against advanced gastric cancer when administered alone or in combination with other chemotherapies, and its effectiveness has been demonstrated in several trials [6] [7] [8] [9] . ACTS-GC (registered at ClinicalTrials.gov, NCT00152217), a multicentre randomised controlled trial, showed that postoperative adjuvant therapy with S-1 can improve overall survival and relapse-free survival for East Asian patients who have undergone a D2 gastrectomy for stage II-IIIB gastric cancer [10] .
Capecitabine is an oral prodrug of fluoropyrimidine that is converted to fluorouracil in tumour tissue in a reaction that is catalysed by the enzyme thymidine phosphorylase [11] . Oxaliplatin is a cisplatin derivative that forms bulky platinum-DNA adducts to restrain DNA synthesis and repair [12] . Several phase II trials have shown that oral capecitabine plus intravenous oxaliplatin was effective and well-tolerated as a first-line chemotherapy regimen for patients with advanced gastric cancer [13] [14] [15] . The CLASSIC (registered at ClinicalTrials.gov, NCT00411229) trial showed a survival benefit in patients who received the regimen of adjuvant capecitabine plus oxaliplatin after curative D2 gastrectomy for stage II-IIIB gastric cancer [16] .
In China, capecitabine (Xeloda; Roche, Shanghai, China) costs $6.3 for 500 mg, oxaliplatin (Eloxatin; Sanofi-Aventis, Hangzhou, China) costs $413.6 for 50 mg, and S-1 (TS-1, Taiho Pharmaceutical, Japan) costs $9.64 for 20mg [17] . Patients with resectable gastric cancer in China have three treatment choices after surgery: no treatment (i.e., surgery only), adjuvant chemotherapy with XELOX, and adjuvant chemotherapy with S-1. It is of great importance to consider the cost-effectiveness of the treatments for decision-makers, especially in resource-limited country, such as China.
The aim of this study, from the perspective of Chinese healthcare system, was to compare cost-effectiveness of two first-line adjuvant chemotherapy regimens and D2 gastrectomy alone for patients with stage II-IIIB gastric cancer, based on the clinical results of the CLASSIC and ACTS-GC trials.
Methods

Economic model
No clinical trials have directly compared the XELOX, S-1 and surgery-only (SO) strategies; however, there were striking parallels in the study design, eligibility criteria and control group composition of the CLASSIC and ACTS-GC trials. Both clinical trials were designed in East Asia for patients with stage II-IIIB gastric cancer. In the trials, 2094 patients received a D2 gastrectomy and achieved no cancer at resection margins. In the CLASSIC trial, 1035 patients were randomly assigned to receive 168 days of XELOX or no treatment after surgery. The PFS of XELOX group was 74%, compared with 59% in the SO group (HR 0.56). In the ACTS-GC trial, 1059 patients were randomly assigned to receive 1 year of oral S-1 or no treatment after surgery; the PFS of S-1 group and SO group were 80.1% and 70.1% (HR 0.68). The brief information of the two trials was shown in Table 1 . A Markov model, based on the two trials, was constructed using TreeAge Pro 2011 software ( Figure 1 ). This model was designed to evaluate the economic and clinical data of the patients with stage II-IIIB gastric cancer in the XELOX group, the S-1 group and the SO group. Every group included patients in three mutually exclusive health states: disease-free survival (DFS), progression survival (PS) and death. Our model was performed to track with a lifetime horizon, with the cycle of 6 weeks. All of the patients were assumed to be 60 years old and progression-free at stage 0. The annual discount rate for costs and utilities was set at 3%, according to the requirement of China Guidelines for Pharmacoeconomic Evaluations [18] . The willingness-to-pay (WTP) threshold was assumed to be three times the Chinese per capita GDP.
The transition probabilities were obtained from the two trials. Using R software (Version 2.15.1), we assumed an average survival rate of SO group (reference) and simulated Weibull survival curves based on the data extracted from the KaplanMeier curves of the SO group in the two trials. Meanwhile, a statistical test was provided by Akaike's Information Criterion (AIC) and Bayesian Information Criterion (BIC) to examine the goodness of fit by Exponential or Weibull distribution (Table 2 ) [19] . In addition, the validity of the simulated survival curves tail beyond 3 years was conducted by comparing the 5 years overall survival rate calculated from possible distribution models (Exponential: 61.1% or Weibull: 62.6%) to the data from the Surveillance, Epidemiology and End Results (SEER) Program, which shows that 5 year overall survival rate of localized gastric cancer patients is 63.2% [20] . Therefore, on the basis of two points above, Weibull distribution is more suitable than Exponential distribution.
The Weibull survival curves were fitted to the number of patients in the three states over time. The Weibull parameters, which are the hypothetical scale (λ) and shape (γ) of reference, are shown in Table 3 . According to the adjusted formula, S active strategies = (S reference ) HR (where S is the survival rate and HR is the hazard ratio), and λ values for the XELOX and S-1 groups were calculated as λ of the SO group multiplied by the corresponding hazard ratio, and γ values for the XELOX and S-1 groups were equivalent to γ for the SO group [21, 22] . The final adjusted Weibull survival curves for PFS and OS for the three strategies are shown in Figure 2 .
Resource cost data
The costs of each arms were estimated from the perspective of Chinese healthcare system, including costs of first-line and second-line strategies, follow-up and main adverse events ( Table 4 ). The cost data for the DFS state of the three treatments were based on the two trials. We assumed that the administration of XELOX and S-1 regimens, the follow-up procedures and the probabilities of adverse events (Grade 3 or 4) were the same as those in the trials. In accordance with the two trials, the cost of follow-up in the model was assumed to include only the costs of examinations. If the gastric cancer progressed, 4-week cycles of intravenous paclitaxel (80mg/m 25% of the patients as second-line chemotherapy. Supportive care was administered to the remaining patients before death [23, 25] . The costs of paclitaxel, capecitabine, administration, supportive care, neutropenia, thrombocytopenia, diarrhoea and abdominal pain were based on the report by Bin Wu [23] , who calculated the costs of gastric cancer for a cost-effectiveness evaluation also in the Chinese context. Costs estimated for managing nausea and vomiting, and laboratory evaluations were from the report by Liubao Peng [24] , in which an economic evaluation of adjuvant therapy for operable breast cancer was performed under the Chinese healthcare perspective. The cost of oxaliplatin per 50 mg and S-1 per 20 mg were estimated using the prices of different brands and the prevalence of the use of each brand in China [17, 26] . The costs of follow up for XELOX group, including an abdominal magnetic resonance imaging (MRI) or computed tomography (CT) (every 6 months in years 1-3; yearly after 3 years) and chest radiography (every 3 months in years 1-2; every 6 months in year 3; yearly after 3 years), and the costs of follow up for S-1 group, including CT (every 6 months in years 1-2; yearly after 2 years) and laboratory evaluations ( every 2 months in first year), were obtained from local health system [17] . Some costs associated with adverse events in China have not been reported in the published literature. To facilitate the calculations, the episode of cost that represented the cost of each examination or the cost of each healthcare-related event was used in this model. We assumed that the costs associated with fatigue, anorexia and asthenia per episode were the same as the cost of decreased appetite per episode. The cost of abdominal pain per episode was assumed to be the same as the cost of diarrhoea per episode. The GDP data that we obtained were the national accounts in 2010, which were calculated at current prices, from China Statistics Press [27] . Therefore, the 2010 exchange rate from RMB (¥) to USD ($), rather than the 2012 exchange rate, was used in this study ($1=¥6.6515) [28] .
Utilities
The utility values represented the health-related quality of life for each health state. The values were based on previously published studies about health states similar to the states of the patients enrolled in the two trials. For resected gastric cancer patients, the utility of the post-gastrectomy state was estimated at 0.81 by Gockel et al. [29] , who assessed quality of life using the Gastrointestinal Life Quality Index (GLQI) in 338 patients who underwent gastric resection. This utility was calculated by 116/144 (116 was the score for patients with gastrectomy and 144 was the total score of GLQI); the utilities of DFS received intravenous chemotherapy and terminal care were 0.68 and 0.50 respectively, according to Sakamaki et al. [30] , who assessed utilities using Time Trade-Off (TTO) in patients with gastric cancer, the way for administration of which was the same as our study. In our study, the model tracked with lifetime, we assumed that the quality of life for patients between 5 and 10 years post-treatment was identical across the three regimens; the quality of life for patients beyond 10 years was equal to the quality of life among normal populations. Therefore we assumed the utility values were 0.68 (1-5 years), 0.81 (5-10 years) and 1.0 (beyond 10 years) for the XELOX group in the DFS stage; 0.81 (1-10 years) and 1.0 (beyond 10 years) for the S-1 and SO groups in the DFS stage; and 0.5 for individuals in PS stage in any of the three arms (as shown in Table 4 ).
Sensitivity analysis
We performed a one-way sensitivity analysis for 29 variables and created a tornado diagram of the incremental costeffectiveness ratios (ICER). A probabilistic sensitivity analysis using 1,000 Monte Carlo repetitions was performed to assess the influence of parameter uncertainties on the results of the model. The median, range, and distribution of each parameter (based on information from the literature and from the local health care system) are shown in Table 3 . In accordance with China's Guidelines for Pharmacoeconomic Evaluations (2011) [18] , the discount rate in this analysis was assumed to range from 0% to 8% and the WTP threshold was set at three times the Chinese per capita GDP ($13,527) in 2010 [27] .
Results
When the model tracked 30 years, patients of 95.7% in S-1 arm, 97.0% in XELOX arm and 98.9% in SO arm were in the state of death. The base case results with a lifetime horizon are displayed in Table 5 . The cost per QALY gained was the primary outcome of the analysis. The QALYs achieved with the XELOX (5.56 QALYs) and S-1 (5.57 QALYs) strategies in the DFS state resulted in longer adjusted survival times than those achieved with SO therapy (3.75 QALYs). The total cost ($44,658) and the cost-effectiveness ratio (CER, $7,360/QALY) for XELOX were the lowest of the three treatments, as shown in Table 5 . The relative scenario analyses, as shown in Figure  3 , suggested that the SO strategy was inferior to the other options. Compared to XELOX, S-1 was showed an incremental gain of 0.49 QALYs at an additional cost of $29,058, which suggested that ICER of S-1 was $58,843 per QALY (Table 5) .
The tornado diagram (Figure 4) shows the one-way sensitivity analysis for the ICER, demonstrating the varying incremental values between the XELOX and the S-1 treatment strategies. In the model, the utility of DFS for 1 to 10 years after S-1 treatment was the most influential parameter (ranging from 0.648 to 0.972, with the ICER increasing from $-82,561 per QALY to $409,654 per QALY). The other two most influential variables included the utility of DFS for 1-5 years after XELOX treatment and the utility of DFS for 5-10 years after XELOX. The least influential parameters were the costs of adverse events, such as decreased appetite, fatigue and asthenia with XELOX treatment (Grade 3 or 4) , the cost of diarrhoea and abdominal pain per episode, and the risk for anorexia with S-1 treatment (Grade 3 or 4) .
The ICER scatterplot ( Figure 5) shows the results of the probabilistic sensitivity analysis with a threshold of $13,527, including a set of points that represent pairs of incremental cost and effectiveness values from the Monte Carlo simulation (1,000 repetitions). The estimates of 95% were surrounded in the ellipses. As Figure 5A reflected, plots under the threshold line account for 75.8% of all scatterplot, which indicates that compared to the S-1 group, the probability that the treatment of XELOX was cost-effective was 75.8%. In comparison, the Figure 5B
indicates that compared to the SO strategy, the probability that S-1 was cost-effective was 81.8%.. The acceptability curve ( Figure 6 ) shows the changing percentage of cases, generated by simulation, for which treatment with XELOX was more cost-effective than the other strategies when the threshold was less than $38,000. The relative cost-effectiveness changed as a function of the WTP threshold. When the WTP was $13,527 for each QALY gained, the probability was nearly 73% that the XELOX treatment was cost-effective. When the threshold was more than $38,000, the likelihood of cost-effectiveness achieved by the S-1 group was greater than 50%, followed by the XELOX group (less than 50%) and the SO group (0%).
Discussion
Before 2010, no adjuvant chemotherapy after D2 gastrectomy was included in the Chinese NCCN Clinical Practice Guidelines in Oncology: Gastric Cancer. Fortunately, as medical science progressed, the S-1 regimen was recommended in 2010, and the XELOX strategy was added in 2011. The two regimens can appreciably improve DFS and OS. However, China has a large population (1.3 billion) with differing degrees of education and a large disparity between the rich and poor. After surgery, some resectable gastric cancer patients would not choose the two recommended strategies; instead, they would forego further treatment or pursue traditional Chinese treatment if they had no pain in the short term [31] [32] [33] . The growing cost of treatment for gastric cancer has become a serious economic burden for society, families, and patients in China [34] . Therefore, studying the economic implications of the three strategies is important for the fields of medicine and policy.
In the base case, compared with XELOX, S-1 increased QALYs by 0.58 and increased costs by $29,058 per patient; SO reduced QALYs by 1.18 and increased costs by $21,236 per patient. The resulting ICERs ($58,843/QALY and $-18,077/ QALY, respectively) indicate that neither S-1 nor SO is costeffective based on the threshold of $13,527 (three times the Chinese per capita GDP). Compared to SO, XELOX improved QALYs by 1.18 and decreased costs by $18,077, which indicates that XELOX is cost-effective. S-1 improved QALYs by 1.82 and increased costs by $7,822, and the resulting ICER of $4,688/QALY indicates that S-1 is cost-effective based on the threshold of $13,527. Therefore, XELOX as a first-line adjuvant chemotherapy for resectable gastric cancer patients in China provided more health and economic benefits than the SO and S-1 strategies, given a WTP threshold of $13,527.
Three tornado diagrams were created with TreeAge Pro software to compare the three therapies. We found that the most sensitive parameters were the utilities of the three regimens, and the least sensitive parameters were the costs of adverse events. Therefore, we only show the tornado diagram ( Figure 4) for XELOX vs. S-1, which is the most important comparison for healthcare providers, patients and policymakers. The diagram shows that enhancing quality of life and decreasing the price of pharmaceuticals is the ideal combination for some new regimens.
Our probabilistic sensitivity analysis showed that the costeffectiveness results changed as the WTP thresholds were modified (as shown in Figure 6 ). On average, three times the Chinese per capita GDP is $13,527. However, the per capita GDP differs significantly among the 32 provinces of the Chinese mainland. The maximum difference is $8,875 ($10,828 per capita GDP in Shanghai; $1,953 per capita GDP in Guizhou [21] ). For all of the provinces, three times the per capita GDP was less than $38,000 [21] . Therefore, XELOX is the most cost-effective, first-line, adjuvant chemotherapy for resectable gastric cancer patients on the Chinese mainland, followed by S-1.
Several limitations apply to the current study. An inevitable limitation of this process was the use of a Weibull distribution to extrapolate the results beyond the lifetime horizon of the trial. Another limitation was that our study did not account for some necessary costs that were not mentioned in the CLASSIC trial, such as hospitalisation expenses resulting chemotherapy, in some patients who took XELOX. The last important limitation was the absence of head-to-head trial for the three strategies. However, striking parallels of the CLASSIC and ACTS-GC trials, such as the study design, eligibility criteria and control group composition, could make up some shortfall.
Conclusions
Our results suggest that for patients in China with resectable disease, first-line adjuvant chemotherapy with XELOX after a D2 gastrectomy is a best option comparing with S-1 and SO in view of our current study. In addition, S-1 might be a better choice, especially with a higher value of WTP threshold.
